The chip mold was constructed by patterning photoresist (SU8, Clariant Corp.) on silicon wafer in a classical overlay lithography procedure. The photoresist relief mold consists of two parts: the higher (about 10 μm) main channel and lower (3.5μm) growth chambers which distributed along main channel and connected to main channel with fine necks (40μm wide, also 3.5μm high), see Figure S1 . The chip body was fabricated by molding PDMS (polydimethylsiloxane, RTV615, GE Toshiba silicones Co. Ltd. catalyst: base = 1:8) against mold, then cured in an oven at75 for half an hour, peeled away from master and sealed with a cover slip. The chip bodies are soft, when infused culture medium with syringe pumps, the ceiling of the growth chamber rises a little, so budding yeasts, whose dimension is about 5μm，could be clamped in chambers. There are four equivalent modules in one chip, so four different experiments can be carried out in one chip simultaneously.
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G 1 index oscillations under different modulation schemes
As described in the main text, modulating colonies with 60 min poor + 90 min rich medium or 75 min poor + 75 min rich medium alternately can induce the most effective synchronization. Table S1 (middle row). In the case of non-G 1 phase, all samples were calculated together without distinguishing daughter or mother cells for they are highly similar (the mean length and standard deviation of daughter non-G 1 samples are 66.94 min and 13.64 min, compared to the total mean of 71.48 min).
For the case of poor medium, similar experiment and data analysis were performed except that cells were cultivated in poor medium for 8 hours (no prior rich medium treatment was introduced because cells had been supplied with adequate nutrient during hours of experimental preparation) and the start time limitation of non-G 1 samples was enlarged half hour (poor medium caused G 1 phase accumulation, non-G 1 samples were rare close to nutrient switch). The results are shown in Table S1 (lower row). The mean length and standard deviation of daughter non-G 1 samples are 110.5 min and 54.69 min, compared to the total mean of 107.8min. The unit is in minutes.
According to our observations, there is a sizable variation in all the phase lengths. So one of the key issues in our modeling is to capture the variations in the cell cycle behavior in a population.
We use the following model to fulfill this goal.
Each cell cycle phase is divided into k steps, where k depends on cell type, nutrient condition and the cell cycle phase. Every cell in a population at any given time is at one of the steps. In every round of evolution (in our simulation time step = 10 sec), cells can finish their current step and enter the next one irreversibly with a probability p (which depends on cell type, cell cycle phase and nutrient conditions). So the progression through the cell cycle is regarded as a sequence of events with a transition probability from one event to the subsequent event.
According to the probability theory, the time j (in terms of simulation rounds) needed by a cell to finish a cell cycle phase consisted of k steps satisfies the negative binomial distribution:
To derive the parameter k i and p i (where i denotes different conditions: mother/daughter cell, rich/poor medium, G 1 /non-G 1 phase), we fitted the negative binomial distribution to measured phase length data with the help of Matlab Statistics Toolbox. Table S2 : Model parameters derived from the experimental data. The transition probability is per 10 sec.
. Simulation of the dynamical course of cell cycle synchronization
Stochastic simulations of the model were carried out to demonstrate that the synchrony is due to the nutrient modulation and to capture the population behavior when various modulation schemes were applied. The initial G 1 index of the simulation run is set to 33% and the cells are distributed uniformly on different steps. When a cell finishes all the k steps in non-G 1 phase, a daughter cell is born into the population. The G 1 index was calculated at the interval of 5 min.
If the medium is switched in the middle of a cell cycle phase, it may be mapped to a non-integer position of the corresponding course of the counterpart nutrient environment. In this condition, we round the non-integer step number with probability. For example, when the nutrient switched from poor to rich, a mother cell who finished 3 steps of its G 1 phase will be mapped to the 6.75 (9×3/4) steps of the rich medium G 1 course. Then we set the step number to 6 with a chance of 25% or to 7 with a chance of 75%.
Synchronization of the Schizosaccharomyces pombe
To demonstrate the generality of our synchronization method, the similar modulation schemes were also applied to fission yeast populations (The rich medium used in fission yeast experiments was YE5S, the poor medium was 2.5% YE5S aqueous solution).
The cell cycle of fission yeast can be divided into four phases: G 1 , S, G 2 , M. Prevoius studies suggested that the fission yeast uses two size thresholds to coordinate its growth and division, one at the entrance of the mitosis, which plays the major role in the nutrient-rich environment; the other at the end of the G 1 phase, which will be in action when the cells are in poor medium (1, 2) .
So a reasonable period of starvation will result in an accumulation in G 1 phase, which can potentially synchronize the cell cycle (3, 4) . Here we considered the separation of the two daughter cells but not the division of nucleus as the beginning of the cell cycle, so the increase of the total cell number in a colony can be calculated by counting newly cleaved septa. Then we 2012 5 introduced septum index-the fraction of cells with septa, which can be regarded as a mitotic index-to measure the synchronization degree of a fission yeast colony (5) . As in the case of budding yeast, the G 1 cell fraction should arise during the poor medium periods, this means that the septum index culminates at the end of rich medium stages, which is confirmed by our experiments (Fig. S3) . 
